We extend the interference in the phase-space algorithm of Wheeler and Schleich [W.P. Schleich and J.A. Wheeler, Nature 326, 574 (1987)] to the case of a compact, spherical topology in order to discuss the large j limits of the angular momentum marginal probability distributions. These distributions are given in terms of the standard rotation matrices. It is shown that the asymptotic distributions are given very simply by areas of overlap in the classical spherical phase-space parametrized by the components of angular momentum.
geometrical and is based on areas of overlap of suitably defined classical distribution functions, in a flat classical phase space. In a fully classical theory if the area of overlap is made up of disjoint pieces one would simply sum the areas; however, in the semiclassical theory of Schleich and Wheeler, if the areas of overlap are not connected they must be added with an appropriate phase factor to obtain the correct result. Thus interference features can arise as an interference in phase space. The technique has been applied, for example, to oscillations in the transition amplitudes for Franck-Condon transitions [3] , oscillations in the photon-number distributions for squeezed states [2, 4] , and interference fringes exhibited by superposition states [5] . Our primary objective in this paper is to show that the technique of interference may be extended to a spherical phase space. As this is the appropriate phase space to describe angular momentum, we can thus obtain the semiclassical limits of the marginal distributions for the components of angular momentum. For example, the probability distribution for J measurements on a system prepared in a J eigenstate in the limit of large j is given easily by simple geometry on the sphere. Furthermore, as this marginal distribution is in fact given in terms of the standard rotation matrices the method gives a simple algorithm for computing the asymptotic form of the rotation matrices. In the remainder of this introduction we present the method of Wheeler and Schleich in a form suitable to a discussion of the angular momentum phase space.
Consider a harmonic oscillator with unit mass and frequency, oscillating around the equilibrium position q = 0, and prepared in an energy eigenstate u (x) with energy E = h(n + 2 
This interpretation shows quite clearly that the interference fringes in m are completely analogous to the interference in the probability distributions for other quantities; e.g. , the position density for the two-slit experiment. 
Then it is clear that P(mfn) = dp dq P(m fp, q)P(p, q fn)
where the area of overlap is represented by the shaded regions in Fig. 1 and the area of each diamond shaped shaded region is A . In Dowling et al. [3] this area, for
The annulus representing fn) is centered on the origin, while the annulus representing f@ ) is centered on q = d, p = 0 (Fig. 1 ). These annuli are referred to as Planck-Bohr-Sommerfeld (PBS) bands. The area of a PBS band is 2vrh. We now regard the PBS bands as classical phase-space densities. Let P(p, q fn) be the conditional probability density for the point (p, q), given that the system is in the PBS band labeled n, while P(m fp, q) is the conditional probability of obtaining the result 6 for a measurement of the classical physical quantity corresponding to H', given the result (p, q) These distributions are chosen as where q is the position at which the two Kramers trajectories intersect, p (q, ) is the value of the momentum at the intersection, while p' (q, ) is the slope of the trajectory at the point of intersection. In Fig. 2 we plot P(m fn) calculated Rom the area of overlap for n = 4 versus m for difFerent displacement parameters d.
Of course one can directly compute P(mfn) directly from the quantum-mechanical formalism:
This is shown in Fig. 3 . Clearly, interference fringes distinguish the quantum result from the classical result in Fig. 2 . We now demonstrate how these interference fringes may be derived by assigning amplitudes to areas of overlap in phase space.
We can obtain an asymptotic expression for the transition amplitude in Eq. (1) [7] . To each PBS band we associate a wave function u""(q) given by
where T is the period of the associated orbit, p (q) 
II. ANGULAR MOMENTUM PHASE SPACE
We first must decide on the appropriate phase space for angular momentum states. To be specific, consider a particle of unit mass constrained to move on the surface of a sphere of unit radius. The position of the particle is most easily described in terms of the spherical polar 
and the overlap is given directly in terms of the rotation matrix by "(j,n~j,m), = d~( P), Fig. 4 ) contained between the Kramers trajectories will determine the phase. To distinguish which area should contribute to the phase, we consider the case m = 0, n = 1.
The asymptotic result for the rotation matrix for this case is Ai --a'(m, n), Az = 27rR(R -m) -a~(m, n), As --27r R(R -n) -a' (m, n), A4 = 2vrR(m + n) + a~(m, n). 
4)
The case for which the area-of-overlap result is easiest to verify is d o (2) . Using the relation [8] ~d so( -)~2 and~d 4o(2)~, respectively. The results obtained by the interference in the phase space method (supplemented with an Airy function as described below), are compared with a direct numerical computation of the rotation matrices using appropriate recursion relations [9] . The 
which is consistent with the exact result.
In Fig. 5 The method enables one to calculate asymptotic expressions for the rotation matrices by calculating simple areas on the surface of a sphere. In addition the geometry of overlapping areas on the surface of the sphere enables one to determine at a glance the gross features of the relevant rotation matrix in terms of interference fringes. Thus the method not only provides a simple way to compute rotation matrices in the semiclassical limit but also gives valuable physical insight into the essential differences between the classical and quantum descriptions of angular momentum. In this appendix we show how to supplement the area of overlap algorithm in order to get good agreement at the tails of the distributions; that is, in the region where there is only one area of overlap. The idea used in Ref. 
